Abstract: An investigation of oxidative-reductive mechanisms of pharmaceutically important molecules gives us information about the metabolic fact of targeted drug. As compared to recent ongoing, time-consuming and costly techniques, there is an urgent needing for development of a sensitive technique, which can help easy understanding of these pathways. Therefore, in the present work, an effective, low-cost and time-saving technique to investigate the reaction mechanism of furosemide in aqueous acid medium is attempted. Furosemide undergoes two-proton and twoelectron transfer reaction. The product obtained was analysed by UV spectra. It was found that the chemical oxidation and electrochemical oxidation of furosemide follows two different pathways. In addition, an effective technique has been developed to determine furosemide in its trace level. Good recoveries and low detection limit accomplished the magnitude of the proposed method. The proposed method was adopted for furosemide determination in human urine and pharmaceutical samples. 
PUBLIC INTEREST STATEMENT
Furosemide, an anthranillic acid derivative is widely used as a strong diuretic, for both adults and children. Several serious side affects are associated with overdosage of furosemide. Hence, determination of furosemide in its trace level is an important aspect of present day. In the present work, a highly sensitive and selective method was developed for trace determination of furosemide. Physiochemical parameters such as electrode process, number of electrons transferred, heterogeneous rate constant, effect of some excipients, etc were calculated. A probable reaction mechanism was proposed. Differential pulse voltammetric method developed was used for pharmaceutical and urine sample analysis.
Introduction
Furosemide, chemically known as 4-chloro-N-furfuryl-5-sulfamoylanthranilic acid, is an anthranillic acid derivative, which is been used as a strong diuretic (Rankin, Williams, & Lemke, 2002) . Both adults and childrens are treated with furosemide available under brand name Lasix either orally or by intravenous. It has been used in the treatment of edema associated with renal impairment (Laura & Ronald, 1990) , nephrotic syndrome, hypertension, heart failure (Alon, Scagliotti, & Garola, 1994) hepatic cirrhosis . Furosemide has poor aqueous solubility and its efficacy is due to the ability to inhibit NaCl/KCl/2Cl transporter in the ascending limb of the loop of Henle (Shetti, Sampangi, Hegde, & Nandibewoor, 2009) . Furosemide is always associated with numerous side effects such as urination, thirst, muscle cramps, diaurehea and constipation. Serious side effect include dehydration, dark urine, clay coloured stools, nausea, vomiting, fever, jaundices, electrolyte abnormalities and rapid weight loss. In view of frequent and widespread usage of furosemide in neonatal clinics and the adverse effects associated with its usage, determination of furosemide and explaining the reaction mechanism is the need of the hour.
A number of methods have been reported which include liquid chromatography with spectrophotometric (Carda-Broch, Esteve-Romero, & Garcıá-Alvarez-Coque, 2000; Ferraro, Castellano, & Kaufman, 2001 ; Nava-Ocampo, Velázquez-Armenta, Reyes-Pérez, Ramirez-Lopez, & Ponce-Monter, 1999), spectrofluorimetric detection (Ioannou, Andrikopoulou, Glynou, Tzompanaki, & Rusakova, 1998; Luis et al., 2004; Vree, van den Biggelaar-Martea, & Verwey-van Wissen, 1994) , chemiluminescent (Rao, Zhang, Luo, & Baeyens, 1999) and micellar electrokinetic chromatographic methods (Luis et al., 2002) , electrochemical methods (Baranowska, Markowski, Gerie, & Baranowski, 2008; Barroso, Alonso, & Jiménez, 1995) . Electrochemical methods have proved to be sensitive for the determination of organic molecules, including drugs and related molecules in pharmaceutical dosages forms and biological fluids and their oxidizable property Kalanur, Jaldappagari, & Balakrishnan, 2011) . Carbon electrodes, especially paste electrodes, are widely used in the electrochemical investigations because of their low background current, wide potential windows, chemical inertness, low cost, and suitability for detection of various organic and biological compounds (Genxi & Peng, 2013; Shetti, Malode, & Nandibewoor, 2012) . In addition, easy fabrication of the electrode has been achieved by incorporating different substances during paste preparation. This results in so-called modified electrode with desired composition and predetermined properties (Gholivand & Mohammadi-Behzad, 2014; Khoobi, Ghoreishi, Masoum, & Behpour, 2013; Mokhtari, Karimi-Maleh, Ensafi, & Beitollahi, 2012) .
As compared with literature, carbon paste electrode (CPE) has been applied for the first time to elucidate reaction mechanism of furosemide. In the present work, the centre of attraction is to know the reaction mechanism of furosemide and optimized electrochemical method for furosemide. Proposed is an electrochemical reaction mechanism and applicability for determination in pharmaceutical sample and human urine sample. Further, comparison with other reported methods revealed the superiority of the proposed method.
Experimental

Apparatus and chemicals
Electrochemical analyzer (CHI Company, D630, USA) was used to study the electrochemical deeds of the drug under investigation at an ambient temperature of 25 ± 0.1°C. A three-electrode system consisting of CPE as working electrode, platinum wire as counter electrode and Ag/AgCl (3 M KCl) as reference electrode in a 10 ml single compartment was used for the investigations. The phosphate buffer solutions ranging 3.0-11.2 pH (I = 0.2) were prepared according to literature (Christian & Purdy, 1962) and pH of the solutions were measured by pH meter (Elico Ltd., LI120, India). Furosemide (Sigma-Aldrich, USA) was used to prepare 1.0 mM stock solution in ethanol. Double-distilled water, analytical-grade chemicals and reagents without further purification were used throughout the experiments.
Preparation of electrode
One gm of graphite powder and 0.5 ml paraffin oil was hand-mixed and homogenized in a small agate mortar. Cavity of PTFE (polytetrafluoro ethylene) tube was firmly packed with the paste. On the weighing paper, the electrode surface was smoothened and rinsed with distilled water. Carefully removing the older surface and then pressing out the inner paste out, the new portion of the electrode surface was exposed. Prior to use the CPE was activated in phosphate buffer solution of pH 5 by cyclic voltammetric sweeps between 0.4-1.4 V with a scan rate 50 mVS −1 (Malode & Nandibewoor, 2013) . Randles-Sevcik formula can be used to calculate the electro-active area of the electrode using cyclic voltammetric technique and K 3 Fe (CN) 6 1.0 mM as a probe at different scan rates in 0.1 M KCl as supporting electrolyte. At T = 298 K and for a reversible process the equation is as follows: (Malode, Shetti, & Nandibewoor, 2012a ).
In Equation (1) for 1.0 mM K 3 Fe (CN) 6 and 0.1 M KCl as supporting electrolyte: I p refers to the anodic peak current, n is the number of electron transferred during the electrode reaction = 1. A 0 is the surface area of the electrode, D R is the diffusion coefficient = 7.6 × 10 −6 cm 2 s −1
, υ is the scan rate and C 0 is the concentration of K 3 Fe (CN) 6 . From the slope of the plot of I p vs. υ 1/2 , the area of the electrode surface was calculated to be 0.036 ± 0.0014 cm 2 .
Results and discussion
Cyclic voltammetric behaviour of furosemide
Electrochemical behaviour studies of 0.1 mM furosemide was studied using cyclic voltammetric method. Since the pH of the solution affects the electrode reaction, optimization of solution pH was carried out using phosphate buffer solution ranging between pH 3.0 and 11.2 (I = 0.2 M). In the potential range, 0.6-1.6 V (Figure 1 ) two-oxidation peak, Pa1 and Pa2 were observed for pH 3-6. On increasing the pH above 6, Pa1 diminished and finally disappeared. On reversing the scan rate, there was no peak corresponding to Pa1 and Pa2 indicating the irreversibility of the electrode reaction. Further, with increase in solutions pH, the peak potential (Figure 2(A) ) shifted to values that are more negative. In addition, the plot of peak current as a function of pH (Figure 2(B) ) shows that the maximum peak current was been obtained at pH 5. Hence, pH 5 was been considered as optimum pH for further studies. A close theoretical value of 0.5 for diffusion-controlled process was been obtained from the slope of the plot, log I p vs. log υ (Figure 6 ). The expression was expressed as follows log I p1 = 0.5791 log υ + 1.2919 R 2 = 0.9844 and log I p2 = 0.5319 log υ + 1.5297 R 2 = 0.9825. The irreversibility of the electrode reaction was further affirmed from the plot of peak potential and logarithm of scan rate where E p value shifted to more positive value with increase in scan rate. The relationship between peak potential and logarithm of scan rate is as follows: E p 1 (V) = 0.0633 log υ (V s (Figure 7 ). Considering the strong adsorption of the reactant and irreversibility of the electrode process, Laviron equation is used (Laviron, 1979) : Number of electrons transferred (n) is calculated easily from the above equation, considering the slope of plot E p 1 vs. log υ and E p 2 vs. log υ, αn was calculated as 0.934 and 1.03 for E p 1 vs. log υ and E p 2 vs. log υ with a slope of 0.0633 and 0.057, respectively. According to Bard and Faulkner (2004) , where E p /2 is the potential where the current is at half the peak value. Therefore, from this we get the value of α to be 0.75. Hence, the number of electrons (n) transferred in the electro oxidation of furosemide was calculated to be 1.2 ≈ 1 for first peak and 1.3 ≈ 1 for second peak. Therefore, the total number of electrons is 2 for the electrode reaction of furosemide. From the intercept of E p vs. log υ plot and E 0 value obtained from intercept of E p vs. υ curve by extrapolating to vertical axis at υ = 0, k 0 was obtained to be 3.5 × 10 3 for peak 1 and 3.23 × 10 3 for second peak, respectively.
Reaction mechanism
Comparison of the proposed mechanism with other reported methods showed different pathway for oxidation of furosemide. The mechanism of oxidation of furosemide by diperiodatoargentate (III) osmium (VIII) catalyzed in alkaline medium involved Mannic-like reaction. The product formed was identified as 2-(4-carboxy-2-oxo-but-3-enylamino)-4-chloro-5-sulfamoyl-benzoic acid by its IR spectrum (Malode et al., 2012b) . The enzymatic and chemical oxidation of furosemide as studied and reported (Chen & Burka, 2007 ) also followed the Mannic-like reaction forming a stable pyridinium salt. Whereas the photosensitized oxidation of furosemide showed strongly solvent-dependent mode of reaction involving charge transfer from amino group to singlet oxygen (Zanocco, Günther, LEMP, de la Fuente, & Pizarro, 1998). The electrochemical reaction mechanism included transfer of two protons and two electrons. The probable reaction mechanism is elucidated in Scheme 1.
Analytical application
Calibration curve
Differential pulse voltammetric method was used to construct a calibration plot. The peak current (I p1 and I p2 ) followed the linearity in the range of 5.0 × 10 −7 to 10.0 × 10 −6 M ( Figure 8 ). Limit of detection (LOD) and limit of quantification (LOQ) were been calculated based on the peak current using the following equation shown below (Bukkitgar, Shetti, Kulkarni, & Nandibewoor, 2015) .
The LOD and LOQ values were calculated to be 4.47 × 10 −9 M and 1.4 × 10 −8 M, respectively. The LOD and LOQ values calculated by the present method are better compared to the early reported methods (Table 1 ). Further, the calibration plot obtained was used for quantitative analysis of human urine samples and pharmaceutical samples. For the quantitative analysis of pharmaceutical samples, commercially available tablets (Lasix) were ground to powder and dissolved in ethanol. The concentration was adjusted to fall in the range of calibration plot. The recoveries in different samples were been found to lie in the range 96.2-100.5 with R.S.D. of 2.03%. The results obtained were in good agreement with label marked (Table 2) . Since the pharmaceutical samples contain additional exepients, effect of some exepients were studied using differential pulse voltammetric method. One-hundred folds of excipients like citric acid, dextrose, glucose, gum acacia, lactic acid, oxalic acid, starch and sucrose did not interfere with the voltammetric signal of FUR. Thus, the procedures were able to assay furosemide in the presence of excipients, and hence it can be considered specific (Table 3) .
As for the urine sample, the drug-free urine was spiked with known amount of drug. Standard addition method was used to prepare the sample solution (Bukkitgar, Shetti, Kulkarni, & Doddamani, 2016) . Good recovery was obtained from the results indicating the applicability of the proposed method for real sample analysis. The recovery was in the range 97.1-100.6% and the R.S.D. was 1.3% (Table 4) . 
